Aims and methods: To examine the association between smoking and histological liver lesions in chronic hepatitis C, we studied 244 consecutive patients (152 men, 92 women; mean age 45.9 (12.6) years) with histologically proven chronic hepatitis C. Daily tobacco consumption during the six months preceding liver biopsy was recorded as the number of cigarettes smoked daily. Total lifetime tobacco consumption was recorded as the number of cigarette packs smoked per year (packs-years). Liver biopsy specimens were graded for histological activity and fibrosis according to the METAVIR scoring system. Results: The proportion of patients with moderate (A2) or marked (A3) activity increased gradually from 62.0% in non-smokers to 81.7% in patients who smoked more than 15 cigarettes per day (p<0.009). A similar relationship was observed with total lifetime tobacco consumption: 59.0% of patients who had never smoked had grade A2 or A3 disease activity compared with 84.6% of patients who smoked more than 20 packs per year (p<0.002). Multivariate analysis showed that age over 50 years (odds ratio (OR) 5.4), alcohol intake exceeding 20 g/day (OR 2.75), and tobacco consumption of more than 15 cigarettes/day (OR 3.6) were independently related to the histological activity score. No relationship was found between the severity of fibrosis and either daily tobacco consumption or total lifetime tobacco consumption. Multivariate analysis showed that only age over 50 years (OR 8.8), daily alcohol intake exceeding 30 g/day (OR 3.4), and histological activity score (OR 7.9) were independently related to the fibrosis score. Conclusion: This study suggests that smoking, independent of alcohol, could aggravate the histological activity of chronic hepatitis C and that patients with chronic hepatitis C virus infection should be advised to reduce or stop smoking.
I
n patients with chronic hepatitis C virus (HCV) infection, both the severity and progression of liver disease markedly differ from one subject to another. [1] [2] [3] [4] [5] [6] This variability is not clearly explained although the role of several host, viral, and environmental factors has been suggested. 5 7 8 Among environmental factors, the impact of alcohol has been largely documented in worsening both histological activity and fibrosis. 5 9-13 Although experimental studies in rats have shown that nicotine can have deleterious effects on the liver, notably by aggravating the hepatotoxic effects of carbon tetrachloride (Ccl 4 ), 14 the effects of smoking on the liver in patients with HCV infection are poorly documented. 15 Thus the aim of this study was to examine the association between smoking and histological liver lesions in a large cohort of consecutive patients with chronic hepatitis C.
PATIENTS AND METHODS
A total of 244 consecutive patients with histologically proven chronic hepatitis C seen in our department between February 1998 and September 1999 were included in the study. At the time of the study, none had received antiviral therapy. Baseline characteristics of the patients are shown in table 1. There were 152 men and 92 women, with a mean age of 45.9 (12.6) years. The route of HCV transmission was blood transfusion in 76 cases (31.2%), intravenous drug use in 53 cases (21.7%), and not clearly identified in 115 cases (47.1%). All had both serum anti-HCV antibodies (Ortho HCV 3.0 ELISA Test System; Ortho-clinical Diagnostics, Raritan, New Jersey, USA) and serum HCV RNA (Amplicor HCV 2.0 PCR test system; Roche Molecular Systems, Pleasanton, California, USA). None of the patients had serum hepatitis B surface antigen or antihuman immunodeficiency virus antibodies. All liver biopsy specimens were fixed in formalin, embedded in paraffin, and routinely processed for histological analysis. The histological grade of disease activity and the histological stage of fibrosis were assessed using the reproducible METAVIR scoring system as follows: grade A1 to A3 for the degree of necroinflammatory activity (A1=mild to A3=marked), and stage F0 to F4 for the degree of fibrosis (F0=no fibrosis to F4=cirrhosis). 16 17 The histological index of Knodell was used to analyse separately the different components of histological activity. 18 Tobacco consumption was estimated in a standardised evaluation of smoking history 19 : each patient was asked to complete a questionnaire (table 2) on the day of liver biopsy. The questionnaire included the following items: age at the beginning of regular smoking, smoking duration, and daily amount of tobacco smoked in the six months preceding liver biopsy. Tobacco consumption was expressed as the number of cigarettes smoked daily (cig/day) and as packs-years-that is, the product of the average number of packs smoked per day by the number of years as a smoker. 20 Patients were classified into three or four groups according to tobacco consumption. (20.9%) had smoked 11-20 packs-years, and 39 patients (16.7%) has smoked more than 20 packs-years. Thirty seven patients (15.2%) had stopped smoking at least six months before liver biopsy. Alcohol intake was also estimated at the time of liver biopsy as the number of units (equivalent to 10 g of alcohol) per day during the previous six months. Patients were classified into four groups according to alcohol intake as follows: mild (1-20 g/day; 79 patients, 32.4%), moderate (21-40 g/day; 49 patients, 20.1%), heavy (>40 g/day; 39 patients, 16.0%), or none (77 patients, (31.5%). We checked that smoking consumption and alcohol intake had been stable during the six months preceding liver biopsy.
Statistical analysis
Results are expressed as means (SD) and percentages. Univariate analysis was performed using the overall χ 2 test and the χ 2 test for a linear trend for categorical data to identify factors associated with the histological activity score or the histological fibrosis score. Thereafter, stepwise logistic regression analysis was used to explore the independence of the factors found to be significant in the univariate analysis. All factors with a p<0.10 in univariate analysis were tested in the model. Odds ratios (OR) were estimated from the model and are presented with their 95% confidence intervals (CI). p values <0.05 were considered significant.
RESULTS
The relationship between tobacco consumption (cig/day and packs-years) and histological activity is presented in figs 1 and 2. As shown in fig 1, the proportion of patients with moderate or marked histological activity (A2-A3) increased gradually with daily tobacco consumption during the six months before liver biopsy: grade A2 or A3 was found in 85 (62.0%) of 137 patients who did not smoke, in 31 (66.0%) of 47 patients who smoked 1-15 cig/day, and in 49 (81.7%) of 60 patients who smoked more than 15 cig/day (p<0.009, test for a linear trend). Likewise, the proportion of patients with mild histological activity (A1) fell as tobacco consumption increased. A similar relationship was observed with total lifetime smoking (fig 2) . The proportion of patients with moderate and marked activity (A2-A3) increased gradually from 59.0% in the 100 patients who had never smoked to 67.4% in the 46 light smokers (1-10 packs-years), 75.5% in the 49 moderate smokers (11-20 packs-years), and 84.6% in the 39 heavy smokers (more than 20 packs-years) (p<0.002, test for a linear trend). Similarly, the proportion of patients with mild histological activity (A1) fell with the number of packs-years.
A significant relationship between smoking and alcohol intake was found: 46.7% of patients who did not smoke did 0 g/day <20 g/day >20 g/day not drink alcohol and 51.7% of patients who smoked more than 15 cig/day drank more than 20 g/day (p<0.001) (fig 3) . In the univariate analysis, A2-A3 activity was also associated with an older age (p=0.003) and alcohol intake exceeding 20 g/day (p=0.003). As several factors were associated together, a multivariate analysis was performed to explore factors independently associated with activity. Apart from alcohol intake and smoking (cig/day and packs-years), this multivariate analysis included age at biopsy and sex. Age over 50 years (OR 5.4 (95% CI 2.4-12.4)), alcohol intake exceeding 20 g/day (OR 2.75 (95% CI 1.2-6.2)), and smoking more than 15 cig/day (OR 3.6 (95% CI 1.5-8.8)) were independently associated with histological activity (table 3) . The component of the Knodell index activity which was significantly affected by tobacco consumption was periportal necrosis: the proportion of patients with moderate or marked periportal necrosis (Knodell index 3 or 4) was significantly higher in patients who smoked more than 15 cig/day than in patients who did not smoke or smoked less than 15 cig/day (62.7% v 78.9%, respectively; p=0.03). In contrast, no significant relationship was found between histological fibrosis and either daily or lifetime smoking history (figs 4, 5). As in the univariate analysis, F2-F3-F4 fibrosis was associated with older age (p<0;001), alcohol intake more than 30 g/day, moderate or marked activity (A2-A3) (p<0.001), and, to a less extent, duration of infection (p=0.07). A multivariate analysis was performed. The three parameters which were independently associated with stage of fibrosis in the multivariate analysis were age over 50 years (OR 8.8 (95% CI 3.9-20.0)), alcohol intake exceeding 30 g/day (OR 3.4 (95% CI 1.3-9.0)), and histological activity (OR 7.9 (95% CI 3.5-18.0)) (table 4).
DISCUSSION
This study shows a clear relationship between daily tobacco consumption and the severity of histological activity in patients with chronic hepatitis C. Indeed, the proportion of patients with moderate and marked activity (A2-A3) increased gradually from 62.0% in patients who did not smoke to 81.7% in patients who smoked more than 15 cig/day (p<0.009). As confounding factors, namely alcohol intake, could explain this relationship, a multivariate analysis was performed. It showed that, in addition to two previously identified factors (that is, age over 50 years and alcohol intake exceeding 20 g/day), tobacco consumption higher than 15 cig/ day within the six months before biopsy was associated with the severity of histological activity. Thus independent of alcohol intake, tobacco consumption higher than 15 cig/day was associated with aggravation of histological activity in patients with chronic hepatitis C. In our study, both univariate and multivariate analyses showed the relationship between tobacco consumption and histological activity. This result is somewhat different from a recent report which found a significant relationship in age adjusted and multivariate analyses but not in univariate analysis. 15 Interestingly, the total lifetime smoking history was not independently associated with histological activity, suggesting that smoking may have a rapid and reversible hepatotoxic effect.
The mechanism by which smoking may increase histological activity in chronic hepatitis C has to be determined. Nicotine, a major component of tobacco smoke, is rapidly absorbed through the lungs and released into the circulation. It is mainly metabolised in the liver. The effects of nicotine on the liver have been studied in rats, both alone and combined with Ccl 4 .
14 Rats receiving nicotine alone developed significant liver lesions characterised by steatosis and focal or confluent necrosis. CCl 4 induced liver lesions were also aggravated by Figure 4 Relationship between histological fibrosis (METAVIR scoring system; F0=no fibrosis to F4=cirrhosis) and smoking (cig/day within the six months before biopsy) in patients with chronic hepatitis C virus infection (p<0.51, test for a linear trend). F0-F1 F2-F3-F4 nicotine. Tobacco induced liver lesions have been ascribed in vitro and in vivo to oxidative stress associated with lipid peroxidation. [21] [22] [23] [24] In patients with chronic hepatitis C, the reduction in the concentrations of hepatic, plasmatic, and lymphocytic glutathione could favour the hepatotoxic effect of smoking. 25 Up to now, toxicity of nicotine on the liver has only been studied in animals, not permitting extrapolation to humans. Thus the mechanism of the relationship between tobacco and histological activity that we found in our HCV infected patients remains to be clarified.
In our study, the degree of fibrosis was independently related to age at liver biopsy, alcohol consumption, and histological activity, confirming previous results. 5 10-12 In contrast, we observed no relationship between the degree of fibrosis and daily tobacco consumption during the six months preceding liver biopsy. This was not surprising as the action of smoking appears to be rapid and reversible. Likewise, the total lifetime smoking history was not associated with the degree of fibrosis. This was more surprising but could be explained by the fact that the duration of HCV infection was known in only half of the study population and probably did not overlap perfectly with the duration of smoking. In a recent report, 15 a significant relationship was shown between tobacco consumption and histological fibrosis. This result was obtained only when the Knodell score activity was excluded from the multivariate analysis, which led to the suggestion that the fibrotic effect of smoking was the consequence of enhanced activity.
All of these data support a deleterious role of smoking in patients with chronic hepatitis C but we cannot exclude the fact that confounding, not yet identified, factors, such as social or environmental variables, could explain the relationship between tobacco and histological activity. Additional studies are required to clarify this relationship. Investigations are needed for testing such a role in other chronic liver diseases. In this respect, it has already been suggested that cigarette smoking was independently related to the risk of cirrhosis both in alcoholics and in asymptomatic chronic hepatitis B virus carriers. 26 27 In conclusion, we showed that smoking could aggravate the histological activity of chronic hepatitis C. Cessation or reduction of tobacco consumption should therefore be recommended in patients with chronic hepatitis C. 
